Introduction
7/S-Cyclopentadienyl derivatives of transition metals have ph~yed an important role in structural, synthetic and catalytic organometallic chemistry. Replacement of one or more of the cyclopentadienyi ring hydrogens by alkyl groups led to a large variety of substituted cyclopentadienyl ligands [1 ] . This effect modifies the steric and electronic properties of the metal centre and implies important changes in the structural and chemical behaviour of this type of compound. Several titanium, zirconium and hafnium complexes containing functionalized cyciopentadienyl ligands have been described [I,2] , but only a few examples of tert-butylcyclopentadienyl derivatives of these elements are known [3] .
The presence of the tert-butyl substituents in the cyclopentadienyi ring introduces significant changes, increasing the solubility of the complexes and providing easily recognizable 'H and t3C NMR resonances. These properties make the 1,3-di(tert-butyl)cyclopentadienyi ring a good system to synthesize soluble monocyclopentadienyi titanium, zirconium and hafnium complexes and to study their structural and chemical behaviour.
In this paper we report the synthesis and characterization of new 1,3.di(tert-butyl)monocyclopentadienyl hafnium complexes [Hf(y/~-Cs H 3-1,3"t Bu 2)C! 3] (1) and [Hf(y/S-CsH3-1,3-'Bu2)R3] [R~CH 3 (2), CH2C6H ~ (3), CH,Si(CH~)2 (4)] and the mixed cyclopentadienyl derivatives [H~7/~-C~ H.~-1:3-' Bu 2)(~7 's'C 5 H ~)CI z ] ($).
[Hf(~5-C~H3-1,3-ttBu2)(y/~-C~Hs)(CH3) 2] (6) and [{Hf('qS*CsH ~-1,3 -Bu:)(yf-CsH~)(CH2C6H~)}2( t.t-O)] (7). All these compounds were characterized by analytical and spectroscopic methods.
Discussion of synthetic and spectroscopic results
We have prepared compound [Hffy/5-CsH3-1,3 -Bu ~)C! ~] (1) by treatment of pure anhydrous HfCI4
• -'" 5 t .
with Sl(¢/-C5H3-1,3-Buz)Me3 m toluene or heptane at 80°C, a well known and routine technique. The trimethylsilyl 1,3-di(tert-butyi)cyclopentadiene reagent was obtained by reaction of 1,3-di(tert-butyl)cyclopentadiene, synthesized as a mixture of different possible isomers, with Lin-Bu and chlorotrimethylsilane [4] . When a hexane solution of complex I was treated with a diethyl ether solution of MgCIMe, in a molar ratio 1: 3.1, an almost quantitative yield of the trimethyl hafnium compound (6) . Formation of the analogous dibenzyl complex was observed when the reaction of a hexane solution of $ with MgBz 2 • 2THF was carried out under rigorously anhydrous conditions into a drybox. However, this compound was extremely moisture sensitive and was not isolated as a pure solid. The presence of traces of water in the reaction mixture led to its transformation into the tt-oxo derivative [{Hf&/5-CsH~-I,3-'Bu2X~5-CsH~)(CH2C~Hs))2 (~-0)] (7), which was quantitatively t'onned as a yellow microcrystailine so!;d when wet hexane was used as solvent.
Complexes 1--6 were isolated as brown or yellow oils or microcrystalline solids, very soluble in all common, even aliphatic, solvents. They are air and moisture sensitive but may be stored unchanged for months under an inert atmosphere (dinitrogen or argon), I and $ being the most stable.
I H NMR spectra of compounds 1-6 show the expected resonances for the alkyl groups bonded to the metal atom (see Experimental section). The ten-butyl protons appear as a singlet and the cyclopentadienyl protons of the CsH3tBu2 ring as one pseudodoublet (214) and one pseudotriplet (IH) corresponding to an A~B spin system, whereas the CsH 5 protons give one singlet. The H NMR spectrum for compound 7 shows two singlets (8 1.05, 8 1.15) for the ten-butyl protons and two sets of doublets (8 2.19, 2.20) for the diastereotopic methylene protons of the benzyl group. The cyclopentadien)t l~toto|ts exilibit one singlet at 8 5.85 for the CsH 5 ring protons and three multiplets (8 5.59, 5.99, 6 .00) for the protons of the CsH3tBu2 ring corresponding to an ABC spin system.
Experimental
All manipulations were performed under an inert atmosphere (dinitrogen or argon) using Schlenk and high vacuum line techniques or a VAC glove-box Model HE 63P. Solvents were purified by distillation from an appropriate drying/deoxygenating agent (sodium for toluene, sodium/benzophenone for diethyl ether and sodium/potassium alloy for hexane). LiMe (1.6 M diethyl ether solution), MgCIMe (3 M diethyl ether solution) and HfCi 4 (Aldrich) were purchased and used without further purification. Si(C s H 3-1,3 -t Bu 2)Me.~ [4] , MgBz 2 • 2THF [5] , LiCH2SiMe 3 [6] and TICp [7] were 
Preparation of [HJ~C5 Hj-I,3"tBu2 )CIj ] (1)
Si(CsH3-1,3-tBu2)Me3 (2.96 ml, 2.34 g, 9.36 mmol) was added, at 0°C and under argon, to a solution of HfCI 4 (3.0 g, 9.36 mmoi) in toluene (100 ml). The reaction mixture was slowly warmed to room temperature and then under reflux for 24 h to give a red-brown solution. The resulting solution was filtered and the solvent was evaporated under vacuum to obtain a brown solid which was recrystallized from toluene/hexane and characterized as 1 (3.15 g, 74% yield).
Anal 
Preparation of [HJf Cs Hj-I ,3-'Buz )(CHj )~ ] (2)
A 3 M solution of MgCIMe in tetrahydrofuran (1.12 ml, 336 mmol) was added to a hexane solution (50 ml) containing Hf(CsH3-1,3JBu2)Ci3 (0.5 8, 1.08 mmol) at -78°C. The reaction mixture was stirred for 3 rain and then slowly warmed to room temperature and stirred for 48 h. After filtration, the solvent was removed in vacuo to 8ire a yellow oil which was recrystallized from toluene/hexane and characterized as 2 (0.41 8, 96% yield).
Preparation of [HJ(C~Hj-I,3-~Buz)(CHzCtH~)~ ] (3)
1.1 g (3.11 mmol) of MgBz2 • 2THF was added to a solution in hexane (50 ml) containing 0.9 g (1.94 mmol) of )CI3] and cooled to -78°C. The reaction mixture was slowly warmed to room temperature and stirred for 24 h. After filtration, the resulting yellow solution was evaporated to dryness. Recrystailization from hexane at -30°C gave a yellow microcrystalline solid which was characterized as 3 (1.05 g, 60% yield). 105.4, 106.8 (C5H3), 122.4, 127.3, 128.4 (Ph), 146.2 (C~p~o C5H3)-
Preparation of IHf(C5 H~-I ,3JBuz )tCH2SiMe3 )j ] (4)
0.34 g (3.3 mmol) of LiCH2SiMe3 was added to a solution in hexane (50 mi) containing 0.5 g (I.08 mmol) of [Hf(CsH3-1,3-tBu2)CI3] and cooled to -78°C. The reaction mixture was slowly warmed to room temperature and stirred for 24 h. After filtration, the resulting yellow solution was evaporated to dryness. Recrystallization from hexane at -30°C gave a yellow microcrystalline solid which was characterized as 4 (0.64 g, 98% yield). 
Preparation of [Sj~Cs Hj-I ,32Bu 2 )(C~ H~ )Cl 2 ] (5)
0.54 8 (2.19 retool) of freshly sublimed TICp were added at room temperature to a solution of [Hf(CsH ~-1,3JBu2)C! 3] (1.01 8, 2.19 mmoi) in toluene (100 ml). The reaction mixture was stirred under reflux for 24 h to give a yellow solution. After filtration, the solvent was evaporated under vacuum to afford a white solid which was recrystallized from toluene/hexane at -30°C to give a microcrystalline compound characterized as $ (1.06 g, 98% yield). Anal. Found: C, 43.64; H, 5.19. CIgH26HfC12. Calc.: C, 43.97; H, 5.28% . IH NMR (300 MHz, CeDe, 25°C): 8 1.17 (s, 18H, tBu), 5.81 (d, 2H, C5H3), 6.01 (s, 5H, C5H5), 6.07 (t, IH, C5H3) . t3C NMR (75 MHz, CeDe, 25°C): 8 3!.4j(tBu), 33.7 (C~pso tBu), 110.9, ii1.1 (C5H3), 114.6 (C5H5), 141.7 (Cii, o C5H3).
Preparation of [HJ~C5 Hj-1,3"tBu2 )(Cs 1"15 )(CH~ )2 ]
(67 A 1.6 M solution of LiMe in diethyl ether (0.80 mi, 1.28 mmol) was added to a diethyl ether solution (50 ml) containing [Hf(CsHs-l,3JBu2)(CsH5)Cl2] (0.3 g, 0.61 retool) at -78°(2. The reaction mixture was stirred for 30 rain and then slowly warmed to room temperature and stirred for 3 h. After filtration, the solvent was removed in vacuo to give a yellow oil which was extracted into hexane. By cooling the resulting solution to -30°C a microcrystalline yellow solid was obtained which was characterized as 6 (0.23 g, 85% yield).
Anal CI 2] in wet hexane (50 ml) cooled to -78°C. The reaction mixture was slowly warmed to room temperature and stirred for 24 h. A yellow solution was formed. After filtration, the solvent was evaporated to dryness to give a yellow solid. Recrystallization from toluene/hexane at -30°C gave a yellow microcrystalline solid which was characterized as 7 (0.45 g, 86% yield).
Preparation of HH/(C~
Anal 4, 116.6, 122.6(CsH3), 113.6 (CsHs) , 114.6, 128.1, 128.3, 153.1 (Ph), 136.5, 137.2 (Co, so C5H3) .
